An attack is made on the problem of determining which are the primary interactions that contribute to decay processes. It is necessary first to understand the role of the strong interactions in these processes; this has proven dificult in the past because of the appearance of infinities. It is shown that all inanities appearing in decay processes involving nucleons, pions, photons, and one lepton pair may be removed by renormalization to all orders in the strong and electromagnetic coupling constants. The necessary and sufficient condition for renormalizability is that the primary interactions that actually exist in nature form one of certain subclasses of a class of fourteen possible primary interactions. In particular, from this point of view it is incorrect to treat the m-meson decay as proceeding via Fermi interactions only. Two incidental results of this work are that the use of perturbation theory in computing the contribution of the pion decay interaction to p,-meson absorption is justi6ed, and that the "principle of minimal electromagnetic coupling" is violated in the radiative tensor decay of the~meson.
I. INTRODUCTION ' 'N setting up a field theory of elementary particles, -one must first understand which of the particle interactions in nature are primary. These interactions will appear explicitly in the Hamiltonian. In spinor electrodynamics, for example, the only primary interactions are the current potential coupling and the massand field-renormalization counter terms. Processes such as Compton and Mgller scattering proceed indirectly via the primary interactions, though they may be represented as virtual interactions among the particles involved.
But the bewildering number of particles and reactions now known has made it very hard to pick out the primary interactions. Even before the discovery of the strange particles, this problem arose in the study of decay processes involving pions, nucleons, and lepton pairs. This can be illustrated by considering the processes of p, -meson absorption and x-meson decay. Accepting the strong Yukawa interaction as primary, one must still decide among the following alternatives:
(a) A primary Fermi interaction exists among nucleons, p, mesons, and neutrinos, leading directly to the process N+p -+N'+v (where N denotes a nucleon); -meson decay is an indirect process proceeding in lowest order according to 7r - +N+N-+p+ v. (b) A primary Yukawa interaction exists among pions, p, mesons, and neutrinos, leading directly to the process vr -+p+v; y-meson absorption is an indirect process proceeding in lowest order according to IJ, +N~js+~+ N'~v+N'. examples of the importance of strong interactions in decay processes. Consider also, for instance, the mesonic corrections to beta decay, Even if one assumes a primary Fermi interaction leading directly to N~N'+e+ v, one cannot u priori neglect reactions of a higher order in the strong-coupling constant, such as N~N'+vr~N" +e+ v+x~N'"+e+ v. (3)
The first obstacle to our understanding the role of strong interactions is the presence of infinities which are dificult to interpret physically. In the case of reaction (1) for example, the S-matrix integral will diverge quadratically (linearly) if the Fermi coupling is pseudoscalar (pseudovector). In reaction (3), furthermore, there appears a logarithmic divergence.
Two possible points of view can be taken toward these infinities. One might assume that local field theory breaks down at high energies, and proceed to cut o6 or "regulate" all integrals in some more or less arbitrary manner. This has been the approach used in previous investigations of decay processes, ' ' although in accepting this point of view, one is confronted with an infinity of possible primary interactions and an infinity of possible cutoG procedures. We shall, instead, follow the alternative course, which is to take seriously the implications of local relativistic field theory, and to make use of the re- 
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function El Lsee (10)] to be zero for NPl at equal freeparticle nucleon momenta, neglecting the nucleon mass difference; for ml at free-particle pion momenta; and for 'xl at equal free-particle pion momenta, neglecting the pion mass diRerence. This definition makes the respective renormalized coupling constants gi, Lsee (12)] unambiguous.
It is hoped, of course, that some of the renormalized coupling constants will turn out to be exactly zero.
At present it appears that for electrons the renormalized coupling constants for (P2) and probably (A2) are very small (see below). This result says nothing about the magnitude of the beta-decay interactions (P1) and (A1) since the rate for ordinary pion decay is a function of the renormalized coupling constants for (P2) and (A2) only.
IV. APPLICATIONS
The main point of this work is that decay processes must be analyzed in terms of a fairly large but sharply limited set of empirical coupling constants. Processes such as 2r -+y+v, 2r -)2r +e+v, and 2r -+y+e+v cannot be discussed in terms of Fermi couplings alone, as has been done in the past. ' ' ' """ Unavoidably we must consider the contribution of (A 2), (P2), (P5) for 2r -'+)((+v; (52), (V2), (V3) for 2r -)2r+e+v; and (T2), (A2), (P5) for 2r -)y+e+v. In particular, it would not be too surprising if experiments should show that the pseudoscalar beta decay coupling (P1) is large and yet does not lead to a x -e decay, or that even though the vector beta-decay coupling (V1) is small a vector radiative pion decay does take place.
Quantitative predictions can be obtained from this theory by using a perturbative approximation. This approximation is valid only when a "low-energy" theorem can be proven; that is, when the 5-matrix element can be written as the sum of a small number of irreducible diagrams, in each of which the "radiative" correction functions E~of the primitive divergent TIF's inserted in the diagrams can be shown to be negligible.
The simplest example of a low-energy theorem in decay processes occurs for nonradiative pion decay. Only one irreducible diagram contributes (see Fig. 1 where we have set g gl(P2)+222', egl(A2)q the quantities g~(~2) and g~(gg) being the renormalized coupling constants for primary interactions (A2) and (P2). Using the observed pion-decay rates" "we obtain g""'=1. 62&(10, g, '&5)&10 ". It should be emphasized that Eq. (16) " M. Ruderman, Phys. Rev. 85, 157 (1952}. "Durbin, Loar, and Havens, Phys. Rev. 88, 179 (1952 Received March 12, 1957) In the two-component theory, the neutrino that can exist in nature is characterized by one of the eigenvalues of the "chirality" operator, y5, which anticommutes with the parity operator. The chirality operator is generalized so that it can be applied also to bosons. The E particle that can exist in nature is characterized by a certain condition on the eigenvalues of the chirality operator. There is strong reason to believe that the chirality quantum number thus introduced is closely related to the strangeness quantum number. the right-handed coordinate system), we obtain the well-known two-component theory of neutrinos. If the mass is finite, the chirality is indeterminate (zero on the average). '
In the case of a boson, the eigenvalues are +2 and 0.
They are good quantum numbers even if the mass is finite. The scalar particle can have only eigenvalues &2.
The eigenstates of chirality imply of course an indefinite parity. Conversely, a boson with a definite parity (such as pion) has an indefinite chirality (zero by convention).
In view of the fact that the same E particle seems to be capable of decaying into two pions or three pions, it is proposed to assume the IC particle to be in an eigenstate of chirality. ' The tensorial rank of E particles is assumed to be zero, i.e. , of the scalar type. Each of the two eigenstates of chirality (&2) provides further two eigenstates, corresponding to two possible charges.
To accommodate the E particle and the anti-E particle (either charged or neutral), one thus has four possibilities to choose from. This leads to two alternative assignments of E particles to chiral eigenstates. It is still premature to decide which alternative is preferable.
According to the 6rst assignment, the E particle (either positive or neutral) is identified, say in the right3The assumption that the theta and ttM t@u are the same particle naturally leads to a unique lifetime for two-pi and three-pi decay modes.
